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Abstract: Grape drying is a slow and energy intensive process because the waxy peel has low 
permeability to moisture. Therefore, peel chemical and physical pretreatments are considered before 
drying in order to facilitate water diffusion. However, they cause heterogeneity in the waxes removal 
and problems during shelf-life.In this paper an alternative abrasive pretreatment of grape peel, for 
enhancing the drying rate and preserving the samples, was applied to Red Globe grapes. Convective 
drying experiments were carried out at 40-70°C and at 2.3 ms-1 air velocity. The effect of wax abrasive 
pretreatment on the drying kinetics and quality parameters of raisins was investigated. The results 
were compared with those of samples pretreated by dipping in alkaline ethyl oleate solution and 
untreated grapes. The samples pretreated by peel abrasion and dried at 50 °C showed the lowest 
colour changes, less shrinkage and the best rehydration capacity. The drying kinetics and shrinkage 
curves were also analyzed using some commonly available empirical models. 
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to obtain best quality product.  
Furthermore, we have identified the empirical model that best predict the drying kinetics and the 
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Wax abrasive pretreatment on drying kinetics of raisins at 40-70°C was investigated. 
 
Abrasive pretreatment decreased of about 1/3 the drying time. 
 
Raisins at 50°C were less shrinked, with best rehydration capability and color. 
 
 
*Highlights (for review)
Drying characteristics and quality of grape under physical pretreatment 1 
G. Adiletta
a
, P. Russo
*b
, W. Senadeera
c
, M. Di Matteo
a
 2 
a 
Department of Industrial Engineering, University of Salerno, Via Ponte Don Melillo, 84084 3 
Fisciano (SA), Italy. 4 
b Department of Chemical Engineering Materials Environment, University of Rome “La Sapienza”, 5 
Via Eudossiana 18, 00184 Roma, Italy. 6 
c
 School of Chemistry Physics and Mechanical Engineering, Faculty of Science and Engineering, 7 
Queensland University of Technology, 2 George Street, Brisbane, QLD 4001, Australia.  8 
*Corresponding author. Tel.: +39 064855565: fax: +39 0644585451/064827453 E-mail: 9 
paola.russo@uniroma1.it 10 
 11 
Abstract 12 
Grape drying is a slow and energy intensive process because the waxy peel has low permeability to 13 
moisture. Therefore, peel chemical and physical pretreatments are considered before drying in order 14 
to facilitate water diffusion. However, they cause heterogeneity in the waxes removal and problems 15 
during shelf-life. 16 
In this paper an alternative abrasive pretreatment of grape peel, for enhancing the drying rate and 17 
preserving the samples, was applied to Red Globe grapes. Convective drying experiments were 18 
carried out at 40-70°C and at 2.3 ms
-1
 air velocity. The effect of wax abrasive pretreatment on the 19 
drying kinetics and quality parameters of raisins was investigated. The results were compared with 20 
those of samples pretreated by dipping in alkaline ethyl oleate solution and untreated grapes. The 21 
samples pretreated by peel abrasion and dried at 50 °C showed the lowest color changes, less 22 
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shrinkage and the best rehydration capacity. The drying kinetics and shrinkage curves were also 23 
analyzed using some commonly available empirical models. 24 
 25 
Keywords: grape; drying; abrasive pretreatment; antioxidant activity; shrinkage; empirical models. 26 
 27 
1. Introduction 28 
Grape is a non-climacteric fruit that grows on the perennial and deciduous woody vines of the genus 29 
Vitis. It contains large amounts of phytochemicals including phenolics, flavonoids, anthocyanins 30 
and resveratrol, which offer health benefits. Antioxidant compounds include vitamins, phenols, 31 
carotenoids, and flavonoids. Among the last group, flavones, isoflavones, flavonones, flavonols,  32 
anthocyanins and catechins are the most important, and exhibit substantial antioxidant activity 33 
(Wang et al., 1997). The high content of grapes in phenolics, flavonoids, and anthocyanins have 34 
been suggested to be responsible for their health benefits (Yang et al., 2009) 35 
Grapes are one of the major dietary sources of anthocyanins, which are responsible for the coloring 36 
of black, red and purple grapes. Anthocyanins are reported to have antioxidant activity, anti-37 
inflammatory activity, anticancer activity, apoptotic induction effect, α-glucosidase inhibition 38 
activity, vision benefits and effects on collagen, blood platelet aggregation and capillary 39 
permeability and fragility (Hou, 2003). 40 
Grapes have relatively high sugar content and moisture content, are very sensitive to microbial 41 
spoilage during storage. Therefore, after harvest they must be consumed or processed into various 42 
products in a few weeks in order to reduce economic losses. Drying grapes into raisins is a major 43 
processing method in almost all grape-growing countries. Traditionally raisins are obtained by sun 44 
drying of the fruit for 8-10 days, which substantially reduces water content. This drying method is 45 
cheap, but there is a risk of damage due to dust and insect infection (Pangavhane and Sawhney, 46 
2002). An alternative to it is hot air drying. In general, the dehydration causes damages in texture, 47 
color, taste and nutritional value of food due to the high temperatures and long drying times 48 
required in the process. According to Carranza-Concha et al. (2012), the dehydration of grapes 49 
affects their content of polyphenols, ascorbic acid and antioxidant activity. That is why efforts 50 
should be made to reduce drying times but also to decrease the temperatures used in the drying 51 
processes in order to obtain better quality products. 52 
Drying of grape is difficult because grapes contain a wax outer peel layer which acts as a barrier to 53 
moisture movement across the membrane. Therefore, various drying methods and pretreatments 54 
were investigated as reviewed by Esmaiili et al. (2007a). 55 
Currently, chemical pre-treatment methods are used frequently to dissolve the wax layer and 56 
accelerate drying rate (Bingol et al., 2012; Doymaz, 2006; Doymaz and Pala, 2002; Esmaiili et al., 57 
2007b). Chemical pretreatment consists of dipping grapes into an alkaline solution, i.e. NaOH  58 
(Berna et al., 1991; Femenia et al., 1998; Carranza-Concha et al., 2012), or in oil emulsion: ethyl 59 
oleate and K2CO3 (Cinquanta et al., 2002; Doymaz, 2004) for several minutes. By this way, the wax 60 
is dissolved, thus reducing the resistance to water diffusion through the peel.  61 
Doymaz and Pala (2002) studied the influence of dipping solutions such as ethyl oleate and 62 
potassium carbonate on drying time and color quality of dried untreated and pretreated grapes. They 63 
found that grapes dipped into alkaline emulsion of ethyl oleate showed shorter drying times than 64 
those untreated, or pretreated with potassium carbonate solution. About color analysis, the best 65 
results were obtained for grapes which were pretreated with ethyl oleate and dried at 60° C.  66 
Esmaiili et al. (2007b) studied the effect of different pretreatments (i.e. dipping in alkaline emulsion 67 
of ethyl oleate or in hot water) on moisture diffusivity of seedless grapes. They showed that both 68 
pretreatments activated the diffusion process by reducing the skin resistance to water transfer at the 69 
beginning of the process. The ethyl oleate pretreatment was found much more efficient by 70 
maintaining higher internal diffusivities at the end of the drying process. Moreover, the increase in 71 
mass transfer coefficients at different temperatures for the ethyl oletate pretreated samples was two 72 
times that for the hot water pretreated samples during the drying. 73 
Vazquez et al. (1997), pretreating the grape peel by potassium carbonate solution, found the 74 
presence of micro-fissures in the grape peel. 75 
However, the chemical additive residue in the raisins may cause food safety problems and how to 76 
deal with larger quantities of corrosive chemicals is a serious problem.  77 
Beside chemical pre-treatment, some physical pre-treatments have also been developed for drying 78 
grapes. An alternative physical pre-treatment, consisting of abrasion of the peel of grapes, was 79 
proposed by Di Matteo et al. (2000). They found that the pattern of the drying curves was quite 80 
similar for both chemical (alkaline ethyl oleate solution) and physical treated samples. Therefore, 81 
abrasion was found to be as effective as the traditional chemical method. The calculated mass 82 
transport coefficient for physical treated samples was about 4 times greater than that determined for 83 
untreated samples. 84 
The same pretreatment was performed on plums, before drying at 60°C, without significantly 85 
altering the qualitative characteristics of the plums, reducing drying time and causing a smaller loss 86 
of sugars (Cinquanta et al. 2002; Di Matteo et al., 2002). 87 
The main purpose of this study was to investigate the effects of abrasive pre-treatment and of air 88 
drying conditions (i.e. temperature) on the quality properties of raisins, with the aim of produce 89 
minimally processed high quality raisins. We then compared the results with those relevant to 90 
raisins obtained by grape pretreated with alkaline ethyl oleate solution and untreated raisins. 91 
Moreover, in order to represent the observed change in moisture during drying experiments, data of 92 
moisture ratio were fitted using empirical models available in the literature.  93 
Since shrinkage influences drying and consequently rehydration, it has to be taken into account in 94 
mathematical modeling of such processes. Several types of models predicting volume changes are 95 
also available in literature (Brasiello et al., 2013; Khalloufi et al., 2009; Mayor and Sereno, 2004). 96 
Some empirical models were here tested to verify their ability to represent experimental data of 97 
shrinkage volume during drying. 98 
 99 
2. Materials and Methods 100 
2.1 Sample preparation 101 
Red grapes (Vitis Vinifera) cv. Red Globe with an initial moisture content of 6.43 kg H2O/kg d.b. 102 
and average diameter of 24.4  mm were used for the experiments. 103 
Three kinds of samples were compared in this study: untreated grape (UTR), abraded grape (TR- 104 
Abr) and dipped grape in chemical solution (TR-EtOl) 105 
Before drying, TR-Abr samples were submitted to a physical abrasive pretreatment. The abrasion of 106 
the grape peel was carried out in a motorized rotating drum (D=240 mm, L=250 mm) made of 107 
plexiglass, lined inside with sandpaper (US CAMI grit 400). The rotation speed of drum was 60 108 
rpm, the pretreatment time was 15 min and the mass of grapes was 4 kg.  109 
TR-EtOl samples were dipped in an aqueous solution of 2% (v/v) ethyl oleate and 2.5% (v/v) 110 
Na2CO3 at 40 °C for 3 min. 111 
 112 
2.2 Drying experiments 113 
Drying of grapes was carried out in a convective dryer (Zanussi FCV/E6L3) at constant temperature 114 
at 40, 50, 60 and 70°C and at air velocity of 2.3 m/s until the water content plateau was reached 115 
(about 0.30 kg/kg db). During drying at regular intervals the samples were weighted by means of a 116 
digital balance (mod. Gibertini E42, Italia).  117 
The results were reported in terms of Mt/M0 vs time (min), where Mt was the moisture content (kg 118 
water/kg db) at a given drying time and M0 was its initial value. They are reported as average of 119 
three sets of experiments. 120 
All the raisins obtained by different pretreatment and at different drying temperatures were 121 
characterized as follows.  122 
 123 
2.3 Color  124 
For all samples, color was obtained through a colorimeter Minolta Chroma Meter II Reflectance 125 
CR-300 (triple flash mode aperture 10 mm). It was recorded using CIE L*a*b* uniform color space 126 
(CIE-Lab). The lightness value (L*) indicates the darkness/lightness of the sample, a* is a 127 
measurement of the greenness/redness of the sample and b* is the extent of blueness/yellowness. 128 
The Hue angle (H°), which indicates how an object’s color is perceived by human eye: red, orange, 129 
green or blue, was calculated as follows: 130 
 131 
                            (1) 132 
 133 
2.4  Total phenolic content and antioxidant activity 134 
Total phenolics were extracted from fresh and dried samples with 80% acetone solution following 135 
the method described by Yang et al. (2009). All extractions were performed in triplicate. 136 
The total phenolic content was determined using the Folin-Ciocalteu colorimetric method 137 
(Singleton et al., 1999), which was modified by Yang et al. (2004). The grape extracts were 138 
oxidised by the Folin-Ciocalteu reagent in sodium carbonate solution. The absorbance was 139 
measured at 760 nm after 90 min at room temperature by a spectrophotometer (Lambda Bio 40; 140 
Perkin Elmer, Waltham, MA, USA). All values were expressed as the mean (mg GAE/100g db) ± 141 
SD of three replications. 142 
The DPPH radical scavenging activity of fresh and dried grapes was determined using the method 143 
proposed by Katalinic et al. (2006). Aliquot (50 µL) of the undiluted extract was placed in a 144 
cuvette, and 2 mL of 6·10
-5 
M methanol solution of DPPH radical was added. Absorbance 145 
measurements commenced immediately. The decrease in absorbance at 517 nm was determined 146 
after 16 min for all samples. Methanol was used to zero spectrophotometer. The absorbance of the 147 
DPPH radical without antioxidant, i.e. the control, was measured daily.  148 
The % inhibition of DPPH radical caused by the samples was determined according to the 149 
following equation:  150 
                                                                       (2)  151 
 152 
where AC(0) is the absorbance of the control at t = 0 min and AS(t) is the absorbance of sample at t = 153 
16 min. Experiments were carried out in triplicate and results obtained were reported as  DPPH%/ 154 
mg db. 155 
 156 
2.5 Shrinkage  157 
The initial grape volume (V0) was calculated by measuring each sample (about 10 berries) in all 158 
three orthogonal axes (length, width and depth) by means of a Vernier caliper. For all the samples, 159 
the volume (Vt) at different time during drying experiments was then measured. For the evaluation 160 
of shrinkage during drying, the volume shrinkage (Vt/V0) was reported as a function of the relative 161 
moisture content (Mt/M0).. 162 
 163 
2.6 Microstructure analysis 164 
Images of peel surface of fresh and dehydrated samples, with and without pretreatments, were 165 
captured using a scanning electron microscope (SIGMA ZEISS, featuring GEMINI® technology). 166 
Samples prior the analysis were coated with a thin layer of silver in a sputter coater (AGAR Auto 167 
Sputter Coater, mod.108 A, England) for 5 min. 168 
 169 
2.7 Rehydration experiments 170 
Dried samples were rehydrated in distilled water at 25°C for 5 h until constant water content was 171 
reached. The approximate ratio of raisins and water volume was kept as 1:30 (Russo et al. 2013). 172 
The rehydration capacity, described as percentage water gain, was calculated from the sample 173 
weight difference before and after the rehydration as follows: 174 
 175 
                
 weight of  eh d ated sa ples – weight of d ied sa ples 
 weight of d ied sa ples 
                   (3)                   176 
 177 
The rehydration experiments were repeated in three sets independently, each set having 3 replicates 178 
and the averages were reported with standard deviation 179 
 180 
2.8 Statistical analysis  181 
The means and standard deviations of experimental results were calculated from three replicates. 182 
One-way ANOVA (analysis of variance) at the level of significance p < 0.05 using Tukey test was 183 
performed for comparison of means. 184 
  185 
3. Results And Discussion 186 
3.1 Drying kinetics: experiments and empirical models  187 
In order to analyze the effect of different drying temperatures (40-70°C) and pretreatments on the 188 
drying kinetics of Red Globe grapes, the curves of moisture ratio Mt/M0 vs drying time (min) were 189 
shown in Figure 1. A constant-rate period was not observed in any of the experiments, hence, the 190 
entire drying process for treated/untreated grapes occurred in the range of the falling-rate period. 191 
Therefore, diffusion was the dominant physical mechanism governing moisture transfer in the 192 
samples. Similar results were obtained by different authors on drying of various fruits (Ramos et al., 193 
2004; Senadeera et al., 2014). As expected, for all the untreated and treated samples the moisture 194 
content decreased with higher rate, increasing the drying temperature. At each temperature, the 195 
drying rate was higher for both pretreated samples (TRabr, TREtOl) with respect to the untreated ones. 196 
Moreover, at 50 and 60°C the highest rate was found for the abraded grapes. In particular, at these 197 
temperatures the drying time for raisins with abraded peel was about 1/3 the time required to dry the 198 
untreated grapes.  199 
Empirical models that are commonly applied for vegetable food materials were here adopted (Table 200 
1). The empirical constants for the drying models were determined experimentally from normalized 201 
drying curves (Mt/M0 vs time) at each drying temperature. Non-linear least square regression 202 
analysis was used to evaluate the parameters of the selected model with the Levenberg–Marquardt 203 
procedure. The goodness of fit for each model was evaluated based on statistical coefficient of 204 
determination (R
2
). The values of this parameter were given in Table 2. From the analysis of the 205 
results given in Table 2, the logarithmic model was the best model for describing the behavior of 206 
abraded grape at all the temperatures investigated and of untreated grape except at 70 °C, where the 207 
Page model gave the highest correlation factor. On the contrary the two term model was the best 208 
fitting for ethyl oleate dipped grape excluding 70 °C, where also in this case the Page model was 209 
more satisfactory. Comparison between experimental data and best-fitting model results were 210 
reported in Figure 1. 211 
 212 
3.2 Color evaluation 213 
Color is one of the most important quality indices of foods and agricultural products. Unsuitable 214 
changes in color of agricultural products would make the food having low quality and marketing 215 
value. The color of raisins is mostly the result of pigments formed by the effect of the enzymatic 216 
and non-enzymatic reactions, taking place during grape dehydration (Karadeniz et al., 2000). Mean 217 
color values of fresh and dried samples are shown in Table 3.  218 
Results showed that drying process had an important effect on the color parameters of raisins. Dried 219 
products had darker color compared to fresh grape indicated by their lower L*, a* and b* values. 220 
There were slight differences in L*a*b* values for pretreated and untreated raisins. However, it 221 
should be noted that the Hue angle values of untreated and treated samples were almost different, 222 
which makes them appear to have different color to an observer. 223 
Hue angle value quite similar to that of the fresh grape was obtained for the sample dried at 50°C 224 
after abrasive pretreatment.  225 
 226 
3.3 Total phenolic content and antioxidant activity evaluation  227 
During the drying process the grapes were exposed to high temperature for a long time which 228 
contributed to the loss of antioxidants (Kalt et al., 2000). 229 
The results of the effect of each treatment and temperature were summarized in Figure 2-3 for total 230 
phenolic content and antioxidant activity, respectively. Fresh grape had the highest total phenolics. 231 
The drying of grape, for different times and different temperature conditions, induced a decrease in 232 
the total phenolic content up to 83% for TR-EtOl sample dried at 70°C. There was no statistical 233 
difference (p < 0.05) in total phenolics between all samples dried at 40 °C and 50 °C. Differences 234 
were observed for samples dried at higher temperatures (60 and 70 °C), except for TR-Abr at 60°C. 235 
Based on these results, the best drying temperature was 50 °C. 236 
The results of antioxidant activity for all samples were shown in Figure 3. Fresh sample had the 237 
highest antioxidant activity equal to 1.71 DPPH%/mg db. The scavenging effect of extracts on the 238 
DPPH radical decreased as increasing the drying temperature. No statistical differences were found 239 
between the samples TR-Abr at 40°C, TR-Abr 50°C and TR-EtOl at 50°C, which showed the 240 
highest values of DPPH activity.  241 
There was not observed simple quantitative correlation of the antioxidant activity values with the 242 
total amount of polyphenols. The lack of relationship in this study is in agreement with other 243 
authors (Ghasemi et al., 2009; Ruberto et al., 2007, Sengul et al., 2009). In particular Sengul et al. 244 
(2009) reported no correlation between total phenolic content and antioxidant capacities of a 245 
number of medicinal plant extracts. No correlation between total phenolic content and antioxidant 246 
capacity can be explained by considering that the antioxidant capacity was not solely due to the 247 
phenolic contents, but could possibly be due to the presence of some other phytochemicals which 248 
also contribute to the total antioxidant capacity.  249 
 250 
 251 
3.4 Shrinkage and empirical models  252 
Shrinkage of food materials has negative consequences on the quality of the dehydrated product and 253 
increased with the volume of removed water (Adiletta et al., 2014). Macroscopic shrinkage is 254 
commonly referred to the ratio of the volume of the product at a given drying time to the initial 255 
volume. In Figure 4 the variation of Vt/V0 as a function of the relative moisture content (Mt/M0) 256 
was represented. It was generally observed a decrease of grape volume proportional to the water 257 
content decrease during drying. An exceptional behavior was observed at 50°C where the abrasive 258 
pretreatment produced less shrunk raisins (Vt/V0 equal to 0.38) with respect to both untreated 259 
(Vt/V0 equal to 0.20) and dried grapes by ethyl oleate dipping (Vt/V0 equal to 0.15).  260 
The simplest way to model shrinkage during dehydration is to obtain an empirical correlation 261 
between shrinkage and moisture content. Several examples of empirical models were presented in 262 
literature and were commonly applied for vegetable food materials (Adiletta et al., 2014; Mayor and 263 
Sereno, 2004; Ratti et al.,1994; Senadeera et al. 2014; Simal et al. 1996).  264 
The mathematical models taken for identifying the most suitable model to describe the shrinkage 265 
behavior were reported in Table 4. Non-linear least square regression analysis was used to evaluate 266 
the parameters of the selected model with the Levenberg–Marquardt procedure. The correlation 267 
coefficients (R
2
) were reported in Table 5. Quadratic model showed an acceptable fit to 268 
experimental data for all the samples and temperatures investigated, being the exponential model 269 
the one leading to larger deviation between experimental and predicted values, in agreement with 270 
Mayor and Sereno (2004). The comparison between experimental data and quadratic model results 271 
was reported in Figure 4. 272 
 273 
3.5 Microstructure evaluation 274 
SEM analysis was used to examine the peel structure of untreated, dipped in ethyl oleate solution 275 
and abraded grapes before drying (Figure 5a-c). 276 
Figure 5a showed the typical surface wax of untreated fresh grape. On the peel of the abraded grape 277 
the waxy layer was almost completely removed in a quite uniform way (Figure 5b). As consequence 278 
of waxy solubilization by ethyl oleate, a non-uniform distribution of the waxy components on the 279 
grape surface resulted (Figure 5c). After drying the presence of cracks on the peel surface of ethyl 280 
oleate pretreated raisins appeared (Figure 5d). These results are in agreement with previous works 281 
by Vazquez et al. (1997), Riva et al. (1986), Saravacos et al. (1988). These researchers analyzing 282 
the effect of chemical pretreatments reported that micro-fissures in the grape peel were formed by 283 
using carbonate solution and ethyl oleate solution. Moreover, they concluded that the increased 284 
drying rate by chemical pretreatments was due to the formation of micropores on the surface of 285 
peel.  286 
 287 
3.5 Rehydration kinetics 288 
Rehydration is a complex phenomenon affected by numerous factors (e.g., pretreatments, drying 289 
method and process, physical structure, chemical composition). Therefore, it is expected that the 290 
porous microstructure will play important role in the rehydration mechanism (Russo et al., 2013). 291 
Samples previously dried over longer periods showed lesser rehydration, indicating the presence of 292 
modified structures.  293 
Typical rehydration kinetics for raisin were reported in figure 6. During the absorption of water, the 294 
increase of weight with time was almost linear (R
2
= 0.9831) for untreated samples, while an 295 
exponential rise of weight to a maximum value was observed for dried samples obtained by 296 
abrasion (R
2
=0.9952) and by dipping in ethyl oleate solution (R
2
=0.9926). 297 
Moreover, untreated samples showed lesser rehydration (33%) after longer drying periods, 298 
indicating the presence of shrunken and closed structures that obstacle the absorption of water in 299 
agreement with shrinkage results (Figure 5b). On the contrary the raisins by ethyl oleate dipping 300 
showed the highest weight gain (334%) due to the presence of crack on the peel surface, as 301 
observed by SEM images (Figure 5d).  302 
 303 
4. Conclusions 304 
The effect of abrasive pretreatment on drying rate and quality of raisins was studied and compared 305 
with chemical pretreatment in alkaline ethyl oleate solution. Grapes obtained by abrasion method 306 
and with ethyl oleate solution showed shorter drying times (up to 1/3) than untreated samples. 307 
Furthermore, peel abrasion combined with optimal drying temperature, which was 50°C, was not 308 
only effective in reducing the drying time, but also in improving color parameters of grapes and 309 
rehydration capability, preserving the antioxidant activity and reducing the shrinkage of grapes. 310 
Differences in quality properties for raisins obtained by ethyl oleate pretreatment seem due to the 311 
formation of cracks on the grape peel during drying.  312 
Among the common used empirical model, the logarithmic model was the best fitting model for 313 
describing the drying kinetics of abraded grape at all the temperatures investigated except at 70 °C, 314 
where the Page model gave the highest correlation factor. While for the shrinkage, quadratic model 315 
showed an acceptable fit to experimental data for all the samples and temperatures investigated. 316 
 317 
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Figures and Tables Captions 
 
Figure 1 Experimental (symbols) and predicted (lines) drying curves of untreated (UTR) and 
pretreated (TRabr, TREtOl) samples at a) 40°C, b) 50°C, c) 60°C and d) 70°C. 
 
Figure 2. Total phenolics of fresh and dried samples (40, 50, 60 and 70°C). Bars with no letters in 
common are significantly different (p < 0.05). 
 
Figure 3. Antioxidant activity of fresh and dried samples (40, 50, 60 and 70°C). Bars with no letters 
in common are significantly different (p < 0.05). 
 
Figure 4. Experimental data (symbols) and prediction (curves) of volume shrinkage of grape during 
drying at a) 40°C, b) 50, c) 60°C and d) 70°C  
 
Figure 5. SEM images of peel for: a) fresh untreated sample, b) fresh abraded sample, c) fresh 
sample dipped in ethyl oleate solution and d) dried sample at 50°C after ethyl oleate pretreatment. 
 
Figure 6. Rehydration kinetics of untreated and treated samples dried at 50°C. 
 
 
Table 1. Mathematical models applied to drying curves.  
 
Table 2. Correlation coefficients (R
2
) of the drying models. 
 
Table 3. Color parameters for fresh, pretreated and untreated dried samples. Values with no letters 
in common are significantly different (p < 0.05). 
 
Table 4. Mathematical models applied to shrinkage curves. 
 
Table 5. Correlation coefficients (R
2
) of the shrinkage models. 
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Table 1.  
 
Model name Equation References 
Henderson and Pabis 
 
MR = a exp (-kt) 
Henderson and 
Pabis (1961); Park 
et al. (2002) 
Page
 
MR = exp (-kt
n
) 
Doymaz (2005); 
Kashaninejad and 
Tabil (2004) 
Logarithmic MR = a exp (-kt) + c 
Yagcioglu et al. 
(1999) 
Two term MR = a1 exp (-k1t) + a2 exp (-k2t) Henderson (1974) 
 
  
Tables 1-5
Table 2.  
 
 
  R
2
 
Model name Temperature (°C) UTR TR- Abr TR- EtOl 
Henderson and 
Pabis 
40 0.9808 0.9951 0.9951 
50 0.9880 0.9857 0.9992 
60 0.9836 0.9948 0.9988 
70 0.9882 0.9931 0.9972 
Page 
40 0.9855 0.9951 0.9960 
50 0.9964 0.9898 0.9990 
60 0.9887 0.9951 0.9996 
70 0.9972 0.9981 0.9991 
Logarithmic 
40 0.9975 0.9954 0.9951 
50 0.9990 0.9989 0.9992 
60 0.9973 0.9992 0.9991 
70 0.9961 0.9995 0.9985 
Two term 
40 0.9808 0.9951 0.9980 
50 0.9880 0.9989 0.9992 
60 0.9836 0.9992 0.9997 
70 0.9882 0.9931 0.9972 
 
  
Table 3. 
 
 
 Colour Parameters 
Sample L* a* b* H° 
Fresh  40.62
a
± 0.43 20.07
a
 ±0.20 14.08
a
 ±0.92 35.08 
UTR 40°C  21.63
c
 ±1.70 10.42
bc
 ±0.84 -1.17
c
 ±1.39 353.58 
TR-Abr 40°C  25.68
bc
 ±0.38 11.84
b
 ±1.41 2.84
bc
 ±0.35 13.49 
TR-EtOl 40°C  22.01
c
± 1.70 11.14
bc
 ±0.61 -0.27
c
 ±0.42 358.60 
UTR 50°C  27.43
b
 ± 0.08 8.76
c
 ± 0.12 0.02
c
 ± 1.16 0.15 
TR-Abr 50°C  26.14 
bc 
± 1.07 10.21
bc
 ± 0.38 4.33
b
 ± 1.56 22.99 
TR-EtOl 50°C  24.70
bc
 ± 0.36 10.09
bc
± 1.38 2.22
bc
 ± 1.39 12.41 
UTR 60°C  23.02
bc
 ± 3.40 10.10
bc
± 0.05 -0.10
c
 ± 2.84 359.46 
TR-Abr 60°C  22.30
bc
 ± 3.67 10.59
bc
 ± 1.08 3.17
bc
 ± 1.83 16.66 
TR-EtOl 60°C  22.85
bc
 ± 0.13 10.43
bc
 ± 0.92 -0.63
c
 ± 1.04 356.54 
UTR 70°C  25.41
bc
 ± 2.68 10.14
bc
 ± 0.94 -0.85
c
 ± 3.10 355.20 
TR-Abr 70°C  24.37
bc
  ± 1.97 11.70
b
 ± 1.45 1.14
bc
 ± 1.15 5.57 
TR-EtOl 70°C  24.11
bc
 ± 1.36 10.26
bc
 ± 0.190 -0.79
c
 ± 0.98 355.60 
 
  
Table 4. 
 
 
 
 
 
 
 
 
 
 
  
Model name Equation References 
Linear Vt/V0=a1+a2 (Mt/M0) Simal et al. (1996) 
Quadratic Vt/V0=a1+a2 (Mt/M0)+a3 (Mt/M0)
2
 Mayor and Sereno (2004) 
Exponential Vt/V0=a1 exp (k  Mt/M0) Mayor and Sereno (2004) 
 Table 5. 
 
  R
2
 
Model name Temperature (°C) UTR TR- Abr TR EtOl 
Linear 
40 0.9397 0.9831 0.9666 
50 0.9535 0.8951 0.9838 
60 0.9756 0.9574 0.9733 
70 0.9868 0.9888 0.9940 
Quadratic 
40 0.9780 0.9908 0.9755 
50 0.9616 0.9269 0.9877 
60 0.9805 0.9844 0.9821 
70 0.9927 0.9889 0.9960 
Exponential 
40 0.9739 0.9719 0.9660 
50 0.9544 0.9202 0.9792 
60 0.9664 0.9744 0.9771 
70 0.9874 0.9546 0.9713 
 
 
 
 
 
